Shoots in seagrass beds form canopies: structurally complex habitats that provide refuge for fauna and trap sediment particles by dampening water movement. Unfortunately, seagrasses are faced with continuing negative impacts to survival, including climate change and poor water quality. In areas where several seagrass species coexist, changing conditions may influence composition of beds so one species is favored over another. Two species found worldwide, Zostera marina and Ruppia maritima, are undergoing this shift: as Z. marina dies back, in some locations it is replaced by R. maritima, a smaller-form seagrass with shorter, thinner shoots. This process is occurring in Virginia, United States in the southern Chesapeake Bay, at intermediate depths where the species co-occur. Although changes in seagrass species abundance have previously been documented, few studies have measured the resulting effects on ecosystem functioning. We evaluated three sites to determine whether canopies of the two species displayed similar small epifaunal invertebrate animal assemblages and sediment properties, and found that Z. marina beds exhibited a greater amount of fine surface sediment than those of R. maritima, but found no effect of seagrass species on invertebrate assemblages. Epifaunal invertebrates were, however, more abundant and speciose with greater biomass, and more abundant with greater shoot density. This study provides baseline information from one summer for areas where the two seagrass species coexist. Although more research is needed, this study suggests in mixed beds, decline of Z. marina could result in coarsening of sediment, but dense R. maritima canopies could harbor similar small invertebrate assemblages.
INTRODUCTION
Seagrass canopies provide habitat for marine life, including small crustacean and gastropod invertebrates that are part of the diet of nearshore fishes (Orth et al., 1984; Valentine and Duffy, 2006) . Seagrasses also attenuate waves and reduce currents, causing fine particles to be deposited and retained within beds, creating a positive feedback loop in which water clarity is improved for seagrass growth (Ward et al., 1984; Hansen and Reidenbach, 2013) . Seagrasses are currently in decline due to decreased water quality and climate change (Cardoso et al., 2004; Orth et al., 2006) , and beds in many areas could shift to being dominated by macroalgae or other seagrass species better able to cope with changing or degraded conditions (Armitage et al., 2011; van Tussenbroek et al., 2014) . When a shift occurs between morphologically similar species, ecosystem functioning may not change (Christiaen et al., 2016) , however, many co-occurring seagrasses have differing morphologies and life cycles. Several regions in the United States have experienced seagrass habitats transitioning from larger-form, spatially stable species to more opportunistic, smaller-form species (Fourqurean et al., 1995; Johnson et al., 2003; Bologna et al., 2007; Cho et al., 2009; Lopez-Calderon et al., 2010; Micheli et al., 2014) .
In Chesapeake Bay, two seagrasses co-occur: Zostera marina and Ruppia maritima. Z. marina has taller canopies, wider straplike leaves and spatially stable populations (Orth and Moore, 1988; Moore et al., 2014) ; comparatively, R. maritima has shorter canopies, smaller leaf areas, and unpredictable annual abundances (Kantrud, 1991; Orth et al., 2016) . These species coexist in other regions of the mid-Atlantic United States, and in California and Maine (Orth and Moore, 1988; Kantrud, 1991; Johnson et al., 2003) . Z. marina in Chesapeake Bay is in decline and its recovery problematic (Moore et al., 2012; Lefcheck et al., 2017) .
Seagrass canopy structure may play a role in epifaunal community composition and sediment deposition (Orth et al., 1984; Fonseca and Callahan, 1992) , but these effects are incompletely understood. In this study we compared surface sediment characteristics and small invertebrate assemblages in canopies of each seagrass to determine whether a shift from Z. marina to R. maritima could result in changes in seagrass bed features. We hypothesized that Z. marina would have greater canopy biomass than R. maritima over the summer sampling took place, and that Z. marina areas would contain more fine sediment and organic matter and provide refuge for more abundant and speciose invertebrates.
MATERIALS AND METHODS

Study Locations
Three sites in the lower Chesapeake Bay (Supplementary Figure S1 ) with monotypic stands of Ruppia maritima and Zostera marina nearby to one another (50-300 m) in similar water depths (50 ± 10 cm MLLW) were sampled. The sites were physically diverse: one is located within an embayment with surrounding salt marsh, while the others are more exposed to prevailing winds and tidal currents, although all possess similar salinity and turbidity measurements 1 . Sites were within areas where an increase in R. maritima and decrease in Z. marina populations has occurred in recent years (Moore et al., 2014; Richardson et al., 2018) .
Sample Collection Overview
Seagrass, sediment and invertebrate animal samples were taken in each of the habitat types (monospecific stands of Z. marina or R. maritima) during 2 months: June and August of 2013. Sampling timing was adapted from the NERRS (National Estuarine Research Reserve System) Vegetation Monitoring Protocols, which specify sampling within 2-3 weeks of peak biomass for seagrasses present (Moore, 2013) . Here Z. marina increases in density during the late spring and senesces though mid-summer and into fall (Orth and Moore, 1986; Moore and Jarvis, 2008) and R. maritima has a similar trajectory, although it tends to peak in the fall (Moore et al., 2000) . Replicate sampling areas were haphazardly chosen by throwing a meter-square quadrat within 10 m of a pole marking habitat type, samples were taken within the quadrat. HOBO temperature loggers (Onset Computer Corporation, Bourne, MA, United States) were anchored between the two habitat types at each site, where they recorded temperature every 15 min between 1 June and 26 August 2013.
Seagrass Biomass Sampling and Processing
Seagrass samples were taken with a 12 cm diameter acrylic core, sieved in the field to remove sediment, and transported back on ice to the laboratory where aboveground material was separated from roots and dried at 65 • C until reaching a constant weight.
Sediment Sampling and Processing
Samples for grain size and sediment organic matter (SOM) were taken using a 7 cm diameter acrylic core, and transported back to the lab on ice, where the top (0-2 cm) layer of sediment was processed by homogenizing samples, separating sand from the sample, and using a pipetting method to determine fine (silt and clay) fractions (modification of Plumb, 1981) . Silt and clay fractions were combined for a measurement of fine sediment, while the remaining sand represented coarse sediment. SOM was determined via the loss-on-ignition method (Erftemeijer and Koch, 2001) by drying samples at 65 • C oven, then combusting at 500 • C for 5 h.
Epifaunal Sampling and Processing
Samples were collected using a Virnstein grab (Virnstein and Howard, 1987) , which closes over a 400 cm 2 area of sediment surface, collecting seagrass shoots, any overlying macroalgae, and epifauna without collecting sediment. During processing, epifauna were separated from seagrass shoots and macroalgae, shoots were counted, animals were sieved using 0.5 mm mesh, and all invertebrates were identified to species or genus levels. Seagrass and macroalgae was dried at 65 • C until reaching a constant weight.
Data Analyses
Seagrass core samples were used to compare mean biomass between Z. marina and R. maritima habitats and mean biomass between the 2 months sampled. Separate mixed models were used to test for differences in fine sediment content, sediment organic matter content, invertebrate richness, and invertebrate abundance between Z. marina and R. maritima habitats and between the 2 months sampled. The habitat and month during which a sample was taken were used as fixed factors, and site where a sample was taken was used as a random factor in the models. Richness and abundance of epifauna were normalized to biomass from the grab samples from which they came: both to seagrass biomass and total biomass including macroalgae. A oneway ANOVA and Tukey's HSD test were used to determine the differences between daily means of temperature at the three sites. All data were inspected for normality and homogeneity of variance and transformed if assumptions were not met.
Pearson's correlation was used to test relationships between seagrass biomass, total biomass including macroalgae, or shoot density within grab samples and the richness or abundance of invertebrates (6 comparisons). All analyses were considered significant at the p < 0.05 level and were performed in the R programming language (R Core Team, 2015) .
RESULTS
Seagrass Biomass and Site Conditions
Water temperatures were higher in August than June, and mean temperatures were higher overall at the embayment site over the summer (p < 0.001 and p < 0.001, Supplementary Figure S2) . Across sites, Z. marina had greater biomass than R. maritima during the months sampled (Supplementary Table S1 ), although at two sites in August, R. maritima biomass was greater. The greatest dieback of both R. maritima and Z. marina occurred at the embayment site, where seagrass biomass fell 90% between the beginning and end of the growing season.
Sediment Characterization
Zostera marina areas contained more fine sediment (silt and clay) than R. maritima areas (p = 0.027, Figure 1 ): Z. marina had an average of 86.8% sand and 13.2% fine sediment, compared to R. maritima with 89.4% sand and 10.6% fine sediment. The embayment site lost fine sediment from June to August, contrary to the other two sites, where the percentage of fine sediment increased. Mean organic content was greater, although not significantly so, in Z. marina sediments than R. maritima sediments in June, and means were similar in August (Figure 1) . Mean organic content of sediments was greater in August than in June. 
Invertebrate Abundance and Diversity
Thirteen species of small invertebrates (<3 cm) were found. There was no effect of seagrass species on abundance of invertebrates. There was a significant effect of month (p = 0.001); between June and August, mean abundance decreased from 165.6 to 28 individuals per sample. There was no effect of seagrass species on richness of invertebrates, though there was a significant effect of month (p = 0.001); a mean richness of 5.5 species per sample in June fell to 3 in August (Supplementary Table S2 ).
Greater seagrass biomass was strongly associated with both greater richness and abundance of invertebrates ( Table 1) . Several of the grabs included the macroalgal species Gracilaria vermiculophylla, where present, it was added to seagrass biomass for total biomass present, which resulted in stronger relationships. Higher invertebrate abundances were associated with higher shoot densities ( 
DISCUSSION
This study demonstrated that mean biomass of Z. marina across sites was greater than the biomass of R. maritima, as we hypothesized, during both June and August of the summer we sampled when Z. marina typically dies back. Biomass decline of Z. marina is typical between June and August, however, the decline demonstrated in R. maritima between June and August is somewhat uncharacteristic (Wetzel and Penhale, 1983; Orth and Moore, 1988; Kantrud, 1991; Moore et al., 2014) . It is possible that R. maritima only declined in the areas sampled in this study, intermediate depths where the seagrasses cooccur, and not the shallow depths at which R. maritima is typically more abundant (Kantrud, 1991) . When examining site data individually, the embayment site stands out: it lost the most biomass of the three sites between June and August, and had the highest temperatures over the summer, making it likely that high temperatures caused seagrass dieback.
Greater fine sediment content in Z. marina habitats compared to R. maritima suggests that Z. marina may possess a more enhanced capability to trap sediment than R. maritima. Because greater wave attenuation occurs when shoots occupy more of the water column (Fonseca and Callahan, 1992) , the taller Z. marina canopy may trap more fine material than R. maritima. Measuring sediment trapping by weighing the accumulation of fine vs. coarse sediments has limitations, thus the use of sediment traps would add valuable information to subsequent studies. However, fine-grained particles are more easily suspended than coarser particles (Ward, 1985) ; therefore, the increase of fine sediment from June to August in Z. marina beds is likely indicative of either settlement or retainment influenced by plant structure. The ubiquity of organic matter, including seagrass blade senescence and allochthonous sources, in the late summer could have contributed to the similar organic enrichment of sediments seen in August (Oreska et al., 2017) . Lack of differences in richness between seagrass species for small invertebrates (isopods, amphipods, decapods, and gastropods) could be attributable to their low richness in the lower Chesapeake Bay in general, and lack of differences in abundances could be attributable to the relative proximity of the habitat types in this study, or the mobility of invertebrates (Parker et al., 2001; Valentine and Duffy, 2006) . Invertebrate richness and abundance were, however, greater in samples with higher shoot density, seagrass biomass, and total biomass including macroalgae. This intuitive relationship has been demonstrated in other studies (Orth et al., 1984 and sources therein; Douglass et al., 2010) , and the present study supported this concept. Higher shoot density did not always correspond to higher biomass; most samples showed R. maritima had higher shoot density than Z. marina, while having less biomass. This suggests dense stands of R. maritima could harbor abundant epifauna. Abundance and richness of invertebrates decreased from June to August, this is likely due to the decrease in canopy biomass across all sites and both seagrasses.
This study highlights the need for further research in seagrass habitats transitioning from larger-form, stable species to smaller-form, opportunistic species. Recent research on seagrass populations in Chesapeake Bay show that Z. marina abundance is on a downward trajectory aligning in part with a warming climate (Lefcheck et al., 2017; Richardson et al., 2018) , and the potential for long-term persistence of R. maritima populations warrants further research before concluding its canopies may provide ecosystem benefits comparable to that of Z. marina. 
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